coincides with the set of inferences authorized by one of its constructs, propose a formal markup semantics based on Prolog clauses. More recent works on the topic have proposed an RDF-based model for text encoding (Tummarello, Morbidoni, and Pierazzo 2005; Tummarello et al. 2006) ; explored the potential of an OWL vocabulary that represents some core semiotic notions, in order to provide a better understanding of the semantics of markup (Peroni, Gangemi, and Vitali 2011);  and revisited the idea of "transcriptional implicature" (Sperberg-McQueen and Huitfeldt 2008; Sperberg-McQueen, Marcoux, and Huitfeldt 2010 and . In these studies the range of application possibilities oered by the denition of a formal semantics for markup is widely recognized and justied: a formal description of the semantics of a markup language can bring several benets. One of them is the ability to develop provably correct mappings (conversions, translations) from one markup language to another. A second one is the possibility of automatically deriving facts from documents, and feeding them into various inferencing or reasoning systems. A third one is the possibility of automatically computing the semantics of part or whole of a document and presenting it to humans in an appropriate form to make the meaning of the document (or passage) precise and explicit. The reasons for this lack of interest from the wider encoding community are manifold and complex:
• theoretical complexity in a domain already hard to understand for the average humanist scholar;
• technical and practical diculties in the application and exploitation of the approaches proposed;
• lack of tools and applications;
• excessively "revolutionary" scope of some proposals.
commonly nd assertions stating that text encoding is a kind of modeling. The very problem with models and modeling is that they are umbrella terms, relating to an ample and diverse set of conceptual objects and practices.
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In our view the practice of ontological modeling is a good operationalist translation of the common denition of model. From the practical point of view, formal ontologies give access to a number of powerful computational tools and methods, like the application of inference and reasoning engines to analyze the textual data. Another relevant property of the Semantic Web ontology formalisms is the ability to compare and eventually merge dierent ontologies. This property has some desirable consequences in our context of application, especially in conjunction with another property of Semantic Web ontologies, the Open World Assumption (Patel-Schneider and Horrocks 2006). In brief, this assumption means that from the lack of an explicit assertion stating that some fact is true it does not follow that the fact is false (or its negation true), simply that it is not known. In a wider sense this means that knowledge can be incomplete and that it is possible that the attributes of a concept can be incomplete at any given moment. This property of a Semantic Web ontology is very helpful when the domain is very complex and subject to dierent points of view, and its modeling is conceived as a work in progress.
Rationales and Principles for a TEI Ontology 17
In order to avoid, as far as possible, the shortcomings of the earlier proposals for markup semantics, we have identied some guiding principles to drive the development of our ontology-driven approach.
1.
To adopt well-established Semantic Web formalisms and technologies, in order to ensure that our approach is theoretically sound and practically implementable.
2.
To extend, not attempt to replace, the current languages and practices; as long as Relax NG, W3C Schema, and ODD formalisms can do their job, there is no need to replace them. On the contrary, we believe that our ontological extension must cooperate and interoperate with the existing ecosystem of TEI technology.
3.
To limit our ontological modeling prima facie to a subset of the TEI encoding scheme, the "core" markup facilities; it remains to be decided how to identify that core. The TEI community has historically tried to dene subsets of the markup language to ease adoption and diusion: TEI Lite (Burnard and Sperberg-McQueen 2012) and TEI Tite are well-known examples. We think that the best candidate for a test bed of the ideas presented in this paper is the TEI Simple customization of the TEI scheme (Turska, Cummings, and Rahtz 2016) . The main reason for this choice is that this subset has been dened in a bottom-up approach from the analysis of the actual markup usage in some big text encoding projects.
We are aware that this choice will leave aside some important and widely adopted parts of the TEI; nonetheless it is the best "ready-made" approximation of a subset of the TEI emerging from the wide and diverse pragmatic uses of the language in the community.
4.
To provide a practical solution for some concerns that are relevant in the actual digital ecosystem in which TEI and XML live, especially interoperability and Linked Data exposition of XML TEI document content.
5.
To appropriately distinguish between three dierent semantic levels expressed by the markup and its content: (c) extensional semantics of the markup elements.
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The terms "intensional" and "extensional" semantics are to be taken in the meaning that was given to those terms by Carnap (1947) : "intension" indicates the internal content (and structure) of a lexical term or concept, what constitutes its formal denition; and "extension" indicates the set of objects to which it can be applied.
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Level (a) is dened by the maximal shared assumptions and usage practices of the TEI markup constructs, and it is translated into a general TEI ontology. For example, the meaning of the <seg> element is "a phrase level sequence of linguistic units." Level (b) relates to the particular interpretation of the markup adopted by a single or collective user. For example, in a given encoding project, the <seg> element might be used, for example, as a "linguistic manifestation of a character's feature." Level (c) concerns the extensional semantics of the individual XML element's content within a document. We adopt the term "extensional" because, in general, it is suitable for xing the referent of a linguistic expression identied by the markup through its reference to resources (information entities) via URI, or the connection to items in a linked data set. The current TEI scheme already handles the case of simple extensional links with one or more external resources through the @ref attribute (whose value is one or more xsd:anyURI), or the @key attribute, as already evaluated (Ciula, Spence, and Vieira 2008 
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The levels properly involved in our proposal are levels (a) and (b). Obviously the extensional semantics is not totally independent from the ontological and intensional levels, and we will need to nd proper methods to formally link all those levels (cf. Section 7). This paper, though, will only sketch the main picture of our general proposal, since many technical details are still to be dened.
TEI General Ontology 21
The rst level, TEI general ontology, formalizes the common notion that the TEI "is" or "expresses"
a general text ontology. In several aspects, this statement overlaps with the well-known statement made by Sperberg-McQueen that the "markup reects a theory of text" (1991). There is no general agreement that the TEI can actually be reduced to one ontology. We concede that this is true for the TEI as a whole, and that in principle there is no way to identify the "one true ontology" of a text. But in practice we are condent that under normal conditions all encoders share the same single interpretation for many common markup constructs, because of cultural and dispositional factors. On the other hand, as Guarino (2009) notes, a formal ontology always includes epistemological aspects as well as pure ontological assertions and therefore it is by nature prospective and amendable.
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The underlying ontology of TEI is partially formalized in the set of TEI XML schema constraints, and for the most part conveyed by the natural-language prose of the Guidelines. One possible and rapid approach to producing a formal ontology for TEI would be the adaptation of the aforementioned constraints into a set of ontological statements in OWL. The conversion of XML schemas into OWL ontologies has been discussed in many papers in the last ten years, and many theoretical and computational solutions have been proposed (e.g., Bohring and Auer 2005; Ghawi and Cullot 2009).
We cannot address the technical details of these solutions here. Most of them are based on the mapping of W3C Schema primitives into OWL primitives.
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The adoption of this kind of strategy could make the construction of a formal high-level TEI ontology a partially automated process. However, it is evident that the most relevant semantic properties of the markup, which cannot be expressed by common schema languages (and ODD),
would not be modeled by this semi-mechanical translation.
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The TEI itself has made an attempt to dene explicitly its underlying conceptual model with the notions of abstract models and of element classes:
The TEI Abstract Model is the conceptual schema instantiated by the TEI Guidelines. These
Guidelines dene, both formally and informally, a set of abstract concepts such as 'paragraph'
or 'heading,' and their structural relationships, for example stating that 'paragraph's do not contain 'heading's. These Guidelines also dene classes of elements, which have both semantic and structural properties in common. Those semantic and structural properties are And specically, regarding the design of the element classes and the naming conventions adopted to convey their typology, the Guidelines state:
In fact, the nature of a given class of elements can be considered along two dimensions: as noted, it denes a set of places where the class members are permitted within the document hierarchy; it also implies a semantic grouping of some kind. For example, the very large class of elements which can appear within a paragraph comprises a number of other classes, all of which have the same structural property, but which dier in their eld of application. Some are related to highlighting, while others relate to names or places, and so on.… If a model class has a name containing 'part,' … then it is primarily dened in terms of its structural location.
… If, however, a model class has a name containing 'like,' … the implication is that its members all have some additional semantic property in common.… (TEI Consortium 2014, 1.3.2)
It is therefore possible to identify a set of strictly structural constraints, expressed in ODD or
RelaxNG patterns, and a set of informal or semi-formal semantic/taxonomic directives. A proper ontological modeling should express both the abstract characterization of TEI elements' semantics and the ontological denition of their structural role. In addition, the ontology should dene a precise semantics of the elements that are characterized unambiguously in the ocial TEI documentation (e.g., the element <p>), while it should relax the semantical constraints if the elements in consideration can be used with dierent semantic connotations depending on the context (e.g., the element <seg>). Finally, it should be possible to extend the ontology, reuse it, and dene alternative characterizations of element semantics without compromising the consistency of the ontology itself.
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In accordance with these overall principles we have decided to implement a complex ontological architecture, using some pre-existing meta-ontology frameworks to express the meaning of the TEI element set. The specication of markup semantics for the various TEI elements is done by means of LA-EARMARK classes and properties. The Extremely Annotational RDF Markup (EARMARK) is at the same time a markup metalanguage, which can express both the syntax and the semantics of markup as OWL assertions, and an ontology of markup that makes explicit the implicit assumptions of markup languages, providing a ner specication of their properties. LA-EARMARK is an extension of EARMARK with the Linguistic Act module of the Linguistic Meta-Model ontology, which allows the expression and assessment of facts, constraints, and rules about the markup structure as well as about the inherent semantics of the markup elements themselves (Peroni and Vitali 2009; Peroni, Gangemi, and Vitali 2011) .
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The general EARMARK class to dene any markup element is earmark:Element. For instance, the <abbr> element is dened as follows (in Manchester Syntax): We need to create appropriate restrictions of classes in order to identify and characterize possible subsets of elements described by the schema. This is achieved by adopting the classes and properties of the Collections Ontology (CO), which in OWL denes unordered and ordered collections (Ciccarese and Peroni 2014 This class is disjoint from tei:pInTeiHeader class.
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LA-EARMARK allows us to link particular classes of elements with the actual semantics they express. From our point of view, as we said, there are at least two semantic levels that we are interested in dening explicitly:
1. One level concerns the structural behavior of markup (e.g., the fact that an element is a block rather than an inline, a container rather than a eld). This can be described by means of existing models such as the Pattern Ontology (Di Iorio et al. 2014 ).
2.
The other relates to the intended semantics of an element (e.g., the fact that an element is a paragraph rather than a section, a personal name reference rather than a geographical reference). This can be described by a specialized TEI Semantics Ontology or by a combination (and/or an extension) of already existing ontologies.
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The TEI Semantics Ontology component is the core layer in our architecture, and is actually under development. Its class hierarchy is dened on the base of the TEI abstract model classes, but a lot of work and refactoring is needed to achieve sound ontological structure.
The lower-level classes are the concepts expressed by TEI markup construct. It is worth noting, though, that there is not a one-to-one relation between elements and lower-level semantic classes, since we can identify at least three dierent markup "crystals" that can have a dierent ontological meaning:
1. one XML element on its own: e.g., <abbr>;
2. an XML element/attribute couple or a compound of so-called "Janus elements": e.g., <corr resp=> or <choice><sic><corr> 3. one XML element in a given context: e.g., <p> in <text> vs. <p> in <teiHeader>.
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The link between the class describing kinds of elements and their related semantic characterization is expressed by means of the property semiotics:expresses provided by the Linguistic Act Ontology included in LA-EARMARK. The associations of semantics to markup elements can also be contextualized according to a particular agent's point of view, in order to provide provenance data pointing to the entity who was responsible for such specication. This is possible by means of properties that allow one to assign agency and responsibility to all these markup-to-semantics relations, as proper linguistic acts performed by someone.
Specific Intensional Semantics of TEI Markup 35
The specic intensional semantics is the level where local or even idiolectal semantic specications of the markup can be dened. At this level we can nd the specic structures of meaning that a markup term has for a specic user or community. For example, think of a specialization in the use of abstract container elements such as <div>, <ab>, and <seg> by way of the @type attribute that denes a restriction of the semantics compared to the one dened at the general ontology level.
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These ontology specializations can be expressed as:
1. restrictions on properties and classes that extend the general ontology in OWL;
2. a set of inference rules expressed through Rule Language (like SRWL), which extend the general OWL ontology;
3. local contextual restrictions expressed as LA-EARMARK properties, as seen above.
How can a user possibly declare these local semantic extensions? The obvious place to declare these user-or project-specic ontological specications for the TEI is the ODD document. One possible and straightforward solution is to adopt the <constraint> element already provided by the ODD language. Admittedly this choice would represent a sort of tag abuse, since this element is thought to bear restrictions on XML elements or attributes that can be validated by a parsing process, not semantic constraints. So the advisable solution will be to introduce a dedicated element in the ODD personalization that allows a user to declare the relevant ontological constraints in OWL. Those formulas could then be added to the general ontology during ODD processing.
Ontology Mapping, Matching, and Merging 38
Alignment of ontologies is a necessary step in the project. The creation of ontologies is the strongest example of knowledge conceptualization. This activity likewise requires a network dialogue in order to deal with interoperability issues and try to solve the problem of semantic heterogeneity in naming of classes and predicates. The TEI semantic enhancement proposed here has to compare the TEI general ontology with some selected, existent, and pertinent models already used in other domains and communities.
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Ontological modeling is a complex and iterative process, and it requires a deep understanding of the role of classes and predicates, and how they are used in dierent domains. So creating correspondences is the most dicult issue: the ontology is a subjective representation of reality and therefore it is natural that dierences between points of view occur. Any attempt to classify the mismatches between ontologies must recognize possible issues at both the linguistic and the semantic levels. The most common issue derives from the dierent use of the same concepts in dierent domains. But the use of distinct names for the same concept also has to be considered.
Problems could also emerge from other modeling features: the dierent scope of some classes or predicates; the dierent focus in classes and predicates denition; the possibility of using dierent constructs; dierent modeling conventions; and dierent levels of granularity.
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Mapping, matching, and merging are the common methods used in order to address issues related to semantic integration (Noy 2004; Choi, Song, and Han 2006) . These processes require on the one hand the comparison between models and on the other the possible integration of single elements of dierent vocabularies into one single model.
First of all it is necessary to understand that ontology alignment requires the creation of binary relationships between the vocabularies of two ontologies. This problem could be solved with an ontology-to-ontology mapping, but it could also make use of a common reference ontology (upper-level ontology) onto which the dierent models are mapped. A study of the existing tools and methods (Kalfoglou and Schorlemmer 2003) will be necessary in order to face the problem (from machine learning, concept lattices, and formal theories to heuristics, database schemas, and linguistics). For example, an ontology such as FABIO or CiTO could be an interesting application case (Peroni and Shotton 2012) . FABIO is based on the FRBR approach to the document as a complex entity.
The stratication of analysis levels enriches the description of cultural entities. CiTO is useful in order to manage the citation process, towards the denition of multiple relationships and cross-relationships between the data related to attribution statements. In particular, CiTO makes it possible to dene the relationships between an interpretation and the source supporting that interpretation. But other common ontologies and models, such as FOAF, SKOS, Bibframe, or Schema.org, are a necessary reference for attempting semantic interoperability. But the analysis of the state of the art has to be combined with another fundamental step: integrating into the ontology information already conceptualized in other domains. This means that the TEI model will be rened by acquiring the vocabulary used in the domains mentioned above: already shared and public-domain classes and properties could be encapsulated in the TEI conceptual model.
At the same time the TEI model could contribute to populating other models: specic classes and properties could be reused by other communities as a result of the TEI semantic extension.
In both cases, the process must be done with the awareness of the objective impossibility of a complete overlapping of models. By adopting this hybrid approach we approximate semantic interoperability: interconnection, integration, and semantic dialogue are vital ingredients in the process. We could even try to approach the deepest interchange possible between conceptual models (Bauman 2011). The greater the sharing of principles inside the community of humanities, the better the process will work.
LOD Conversion and Dissemination 43
In order to test the outlined model the TEI ontology must be veried in a linked open data dimension (i.e., tested in Linked Open Vocabularies) 2 and, likewise, TEI documents must be analyzed in order to attempt a semantic enrichment. The TEI ontology proposal is thus helpful in exposing both the TEI semantic model and individual TEI documents as linked data. TEI conversion into LOD consists of a sequence of steps that covers two levels of analysis: the work on the TEI model at the schema level, and the work on TEI XML les in order to produce open and linked data using the modeled ontology.
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The rst level is related to the above description of the TEI model formalization for a rst macro-modelization. This level also encompasses mapping of the TEI ontological model onto selected ontologies in order to guarantee interchange and expressivity of the model from a reuse perspective. The second level is instead related to our denition of "extensional semantics": adding identication mechanisms to in-line markup, eventually pointing to stand-o description, and rening the TEI markup in order to be LOD-compliant. This will mean going beyond data silos, opening towards the "web of data" in an integrated environment. In detail:
• the user experience will improve through a machine-interpretable semantics (TEI will be more "understandable" by the machine);
• the recall, i.e., the fraction of the documents that are relevant to the query that are successfully retrieved, will be more precise (the specication of the TEI predicates' role will rene the results);
• disambiguation, by using a conceptual model, will be more precise, especially in case of homography of classes and predicates (TEI classes and predicates will be mapped onto the same concepts in other ontologies);
• mashup practices (smart applications) will improve the knowledge base through new connections, even between heterogeneous domains (the TEI model will dialogue with other communities);
• inferences will be available, giving the possibility of new knowledge discovery.
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As Berners-Lee (2006) (Singhal 2012 ) is demonstrating that one of the natural consequences of the migration from document to data, inaugurated by the Semantic Web, enriches the user experience.
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In order to nalize the model from an LOD cloud perspective-as regards the collection of TEI-based documents-various methods will have to be explored, beginning with the creation of an RDF triple store by converting some pertinent elements of the rened TEI XML les into RDF through XSLT.
Experiments in converting XML les into RDF have already been undertaken: "a transformation to RDF has to create the URIs of its resources and connect them through the RDF triple structure consisting of subject, predicate and object" (Breitling 2009).
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The problem is double: how to dene dereferenceable URIs for elements (concepts and/or real web documents) and how to work on a specic XML dialect, that is, the TEI vocabulary?
These questions are not trivial because they require reection on the TEI markup model. The topic is dicult and we are now trying to address this complexity. A rst approach we are attempting is the following. In general we can assert that: TEI elements are rdf:description about a node id (e.g., through an @ref) that we could manage in XSLT for transforming the @ref value into a URI.
This approach yields: SUBJECT = rdf:description about a TEI element (the @ref value) PREDICATE = an attribute of the element in the subject (for managing crossreferences) or, simplest, the child element OBJECT = literal (the content of the element)
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An example of an XML TEI markup in a document:
<person ref="#persona01"> <persname>Vespasiano</persname> </person>
That is: an entity (person) with a value (a fragment) referring to a @xml:id ("persona01") to be converted in dereferenceable URI (e.g., http://www.person.it/about#persona01) through XSLT, a predicate corresponding to the child element (persname) and a literal as the object (Vespasiano).
Another fundamental issue is the identication of pertinent authorities for the data matching (e.g., VIAF, Geonames, Worldcat, SNAP, or DBpedia). In order for the datasets to be able to exchange information in a network dimension, sharing of authorities is a crucial point. Mechanisms such as "see-also" or even "same-as" could manage relationships between named entities.
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Likewise, the need for a really "linked" environment requires the discovery of links in the cloud by using semi-automatic methods of entity recognition (NER).
51
Finally, populating the LOD cloud Data Catalog and the Datahub 5 with both the semantic vocabulary and the converted datasets will improve visibility and interchange.
Conclusions and Perspectives 52
In our opinion, the possibility of providing a TEI-formalized semantics using Semantic Web standard technology constitutes a good opportunity to achieve these objectives: 
4.
Provide users with advanced formal tools to dene their interpretations of the texts to which they apply the markup, and allow innovative computational processing based on semantics, using tools such as reasoners and semantic query engines.
